ABSTRACT. In this study, the functions and mechanisms of γ δ T cells were analyzed in patients infected with Helicobacter pylori. Peripheral blood was collected from gastritis patients in the Gastroenterology Department of Ningbo No. 2 Hospital. Preliminary analyses revealed 24 H. pylori-positive and 17 H. pylori-negative patients. The wild-type and γ δ T knockout mice were infected with cultured H. pylori cells (obtained from the H. pylori-positive patients). H. pylori in mice was quantified by polymerase chain reaction; gastritis was confirmed by hematoxylin and eosin staining. The TCR-δ -/-mice were treated with vein adoptive immunotherapy 24 h prior to H. pylori inoculation; the same method was used to detect the extent of gastritis and bacterial colonization. The γ δ T knockout mice showed high levels of H. pylori infection than the wild-type mice; in addition, the knockout mice showed severe disease pathology. γ δ T knockout mice also displayed increased matrix metalloproteinase-9 (MMP-9) and decreased MMP-7 expression in the gastric mucosa. γ δ T cells play a protective role in patients infected with H. pylori. γ δ T cell [responsible for the production of interleukin-17 (IL-17) and IL-22] expression was increased in H.
INTRODUCTION
T cell receptors (TCR) are molecules found on the surface of T cells that are responsible for antigen recognition and mediate immune response. Based on the protein chains comprising the TCRs T cells are classified into the alpha beta (α β) and gamma delta (γ δ) T cell categories (Cho et al., 2010; Chung et al., 2010) . γ δ T cells are rarely observed in the peripheral blood, spleen, and lymph nodes (Cornelissen et al., 2009 ). These cells mainly exist in the subcutaneous tissues, the urinary and reproductive tract, skin, digestive and respiratory mucous membranes, and the lymph tissues. Although the absolute number of γ δ T cells is lesser than that of α β T cells, previous studies have reported that the immune response of γ δ T cells is more rapid (Davey et al., 2011; Dejima et al., 2011; D'Elios et al., 2014) ; in fact, this is a key function of the γ δ T cells. Therefore, γ δ T cells mainly engage in the immune defense and block the invasion of pathogens (DeLyria et al., 2009; Do et al., 2012; Dubin et al., 2012) . Pathogenic invasion of the human body results in the activation of γ δ T cells, which leads to the rapid multiplication of γ δ T cells (in a short period of time). These cells then target the site of pathogenic infection. Helicobacter pylori is a Gram-negative, microaerophilic, spiral-shaped bacterium, which mainly causes inflammation of gastric mucosa. This study investigated the effect of γ δ T cells against H. pylori infection ; we also conducted a preliminary investigation into the immune regulatory mechanisms against the H. pylori colonization in infected individuals.
MATERIAL AND METHODS

Sample collection
Peripheral blood samples were collected from gastritis patients at the Gastroenterology clinic of the Ningbo No. 2 Hospital between June 2012 and May 2013. Preliminary analyses identified 24 H. pylori-positive and 17 H. pylori-negative cases. The patients were selected based on the absence of ulcers, tuberculosis, cancer, or other illnesses (including viral infections); in addition, the patients were not treated with antibiotics for at least 1 month prior to the sample collection. This study was approved by the Ethics Committee of the Department of the Ningbo No. 2 Hospital. Signed informed consent forms were obtained from all patients prior to sample collection and experimentation.
Mice and reagents
H. pylori colonies were extracted from the gastric mucosa of infected patients. The third-generation adaptive colonies were inoculated into wild-type mice. Specific pathogen-free experimental mice (C57BL/6 background), weighing between 16 and 22 g and aged between 6 and 8 weeks, were obtained from the Laboratory Animal Center of our hospital. All culture media, serum, and reagents used in this study were purchased from Hyclone Laboratories, Inc. (South Logan, UT, USA).
Mouse groups
Six mice were included in the γ δ T knockout group; these mice weighed between 16 and 22 g and were between 6 and 8 weeks old.The wild-type mouse group consisted of 6 mice, weighing 16-21 g and aged between 6 and 8 weeks. There were no statistically significant differences between the two groups.
Experimental procedures
Establishment of H. pylori infection in the mouse model
The bacterial samples were obtained and cultivated in liquid culture media (Hopebio, HB8647). Subsequently, cultured bacterial cells were used to vaccinate the mice via gastric filling.
Mouse tissue samples and cell separation
H. pylori-infected mice were killed at different time points; the spleen lymphocytes and lymph node cells were extracted from the dead mice.
Quantitative polymerase chain reaction (qPCR)
One microgram of total RNA was extracted and then reverse-transcribed with iScript Reverse Transcription Supermix (Bio-Rad). cDNA products were mixed with iQ SYBR green Supermix (Bio-Rad). The qPCR was performed under the following reaction conditions: initial denaturation at 90°C for 30 s, and 40 cycles of denaturation at 95°C for 5 s, annealing at 60°C for 5 s, and extension at 72°C for 30 s. The primers used for gene amplification are listed in Tables 1 and 2 . 
Flow cytometric analysis of phenotype and intrinsic factors of T cells
The isolated lymphocytes were stimulated and centrifuged for separation. Antibodies including anti-CD3 antibody (Abcam, ab16669), anti-interferon gamma (IFN-γ) antibody (Abcam, ab87030), anti-IL-17 antibody (Abcam, ab118869), anti-IL-22 RA2 antibody (Abcam, ab203211) against specific cell surface molecules were added to the collected lymphocytes, in order to stain the cell surface. After being fixed and washed twice, the cells were stained with cell factor antibodies (subsequently washed twice). The stained samples were tested via flow cytometry (BD FACSAria TM Fusion). Table 2 . Real-time polymerase chain reaction system.
Magnetic bead separation
Fc-receptor blockers were added in the suspended lymphocytes and incubated for 15 min at room temperature. The appropriate fluorescein isothiocyanate-labeled antibodies (Abcam) and beads were added to these lymphocytes. After totally being mixed, the samples were incubated for 10 min at room temperature, and then for the magnetic bead separation.
Determining γ δ T cell function in H. pylori-infected mice
Development of γ δ T cell knockout mice
The mice were killed by cervical dislocation 28 days after infection with H. pylori colonies. The killed mice were soaked in 75% ethanol for 1-3 min and their abdomens were opened. The mice were subjected to gastric separation surgery (Romrell et al., 1975) ; a piece of the gastric mucosa was removed from the greater curvature of the stomach, and the samples fixed with 19% methanol. The remaining tissue samples were divided into 3 equal parts,wrapped carefully with foil, and stored in liquid nitrogen (for backup). DNA was extracted from the gastric tissues using the QIAmp DNA MiniKit (Tiangen Biotech Co., Ltd., Beijing, China), in accordance with the manufacturer instructions. The H. pylori colonization in the gastric tissues of mice was analyzed by PCR, as detailed in a previous study . Briefly, the appropriate probes and primers were synthesized, the 16S DNA standard samples were prepared, and the standard samples of PCR and 16S DNA expression were quantified using the probe method. The C T and log values obtained for the standard samples were used to plot the standard curve equation, and the number of bacteria in gastric tissues was quantitated.
γ δ T cell adaptive immunotherapy
The adaptive immunotherapy strategies were tested in mice by injecting each mouse with approximately 2.5 x 10 5 γ δ T cells (retinal venous injection). The mice were infected again with H. pylori after 24 h. 
Analysis of γ δ T cell expression in H. pylori-infected patients
Blood samples were collected from all H. pylori-infected patients; these were subjected to anticoagulant treatment. The treated blood was subjected to high speed centrifugation. The collected blood cells were diluted with Hank's balanced salt solution (HBSS) (Gibco), and centrifuged again at 400 g for 20 min. The intermediate white coating (platelets, lymphocytes, monocytes, and granulocytes) was carefully obtained and washed twice with HBSS. The cell concentration was quantitated for flow cytometry analysis.
Statistical analysis
All data were processed using the SPSS statistical software platform (IBM, Armonk, NY, USA). The data were analyzed by analysis of variance (ANOVA) and the χ 2 test. P values < 0.05 were considered to be statistically significant.
RESULTS
Lack of γ δ T cells negatively impacts host response to H. pylori infection
We observed a significant increase in bacterial colonization in the knockout mice 28 days after H. pylori inoculation; in addition, the knockout mice displayed inflammatory reaction of greater severity compared to the wild-type mice; this difference was observed to be statistically significant (P < 0.05). Careful observation of the gastric tissues revealed the obvious infiltration of inflammatory cells in the sub-mucosa of the knockout mice, compared to that seen in the wild-type mice. In addition, the knockout mice showed a (statistically) significant increase in disease pathology. The results suggested that γ δ T cells may play a major protective role in patients/mice infected with H. pylori (Figure 1) . 
γ δ T cells (secreted in response to H. pylori infection) influence local MMP expression
We observed an increase in the expression of MMP-9, and a decrease in MMP-7 expression, in the stomach of knockout mice (P < 0.05). This difference was statistically significant. No other statistically significant difference was observed in the expression of relevant indicators (P > 0.05; Figure 2 ). 
Flow cytometric detection of γ δ T cell ratio in peripheral blood
No obvious (statistically significant) changes were detected in the γ δ T cell content in the peripheral blood of patients infected with H. pylori, compared to those in the uninfected patients (P = 0.7886).
Effect of H. pylori infection on cytokine secretion by γ δ T cells
A few of the γ δ T cells detected in the human peripheral blood of H. pylori-positive patients co-expressed IL-17, IL-22, and IFN-γ, compared to the cells observed in the blood obtained from H. pylori-negative patients. Statistical analyses revealed a significant increase in the ratio of IL-17+, IL-22+, and IL-17+ IL-22+-γ δ T cells in the peripheral blood of H. pylori-positive patients, compared to that in the blood samples of H. pylori-negative patients. This indicated that γ δ T cells might be involved in the immune response to H. pylori infection through the secretion of IL-17 and IL-22 (Figure 3 and Table 3 ). γ δ T cell immune response to Helicobacter pylori infection ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (3): 10543-10552 (2015) Ratio of the cell cytokine content secreted by γ δ T cells and T cells γ δ T cell proportions in the peripheral blood of patient and control samples were analyzed from CD3+ lymphocytes by making gates of IFN-γ+, IL-17+ and IL-22+. The results indicated that the γ δ T cell subset was a very small portion of the whole T lymphocytes in peripheral blood. The ratios of IFN-γ+ or IL-22+ T lymphocytes in peripheral blood the H. pylori-positive and -negative patients showed no significant difference, whereas there was a significant increase in the ratio of IL-17+ γ δ T cells in H. pylori-negative patients. These results indicated that the IL-17+ γ δ T cells participated in H. pylori immune response, despite presenting a very small ratio of the total T lymphocyte count (Table 4 and Figure 4) . IFN-γ = interferon gamma; IL-17 = interleukin 17; IL-22 = interleukin 22. 
Secretion of IL-17 by γ δ T cells was dependent on IL-23
There were no obvious changes in the IL-17+ γ δ T cells and IFN-γ+ γ δ T cell content in the spleen of uninfected mice 48 h after inoculation; during the same time period, there was no obvious decrease in the IL-17+ γ δ T cell content in knockout mice. The difference of IL-17+ γ δ T cell counts between the knockout and wild-type mice was statistically significant. There were no obvious changes in the proportions of IL-17+ and γ δ T cells. We observed a statistically significant decrease in the expression of ROR γ T cells in the knockout mice. We observed an increase in the expression of IL-23 in wild-type mice; however, IL-23 was not expressed in the knockout mice, which indicated its role in the secretion of IL-17+ γ δ T cells (Table 4 and Figure 5 ). 
DISCUSSION
Inflammation, caused by pathogenic infection, resulted in the secretion of a large number of lymphocytes to the area of infection, in order to check the spread of pathogens. Previous studies (Fenoglio et al., 2009; Fang et al., 2010; Fujiwara et al., 2012) have illustrated the involvement of γ δ T cells in early-stage immune mechanisms; in case of a localized infection, there was a rapid increase in γ δ T cell expression during the early stages of infection. In this study, we attempted to illustrate the effect of γ δ T cells on H. pylori colonization, and resulting inflammation, in gastric tissues. A thorough analysis of the experimental results indicated that γ δ T cells might function as barriers in the immune response (Huber, 2010; Inagaki-Ohara et al., 2011; Kuroda et al., 2012) . However, we could not identify the specific functions of the different subtypes; therefore, these must be elucidated in future research attempts. Some previous studies have demonstrated the role of γ δ T cells in the pathological impairment of Chlamydia trachomatis; these results can be combined with those obtained in this study. Both studies suggested that the γ δ T cells might serve as dual functions, and attempt to identify the regulatory, strength and time of immune response, and the subtypes of γ δ T cells produced. Pathogen types and period sought to be considered to elucidate the functions of γ δ T cells in bacterial infection as well as each phase of the disease. Previous studies analyzing the peripheral blood of H. pylori-positive and -negative patients reported no fluctuations in the γ δ T cell proportion between the two; however, other studies (Li et al., 2012; Ma et al., 2012) reported a 2.4-fold increase in the γ δ T cell content in H. pylori-positive patients than in the H. pylori-negative patients, which was inconsistent with the results of our study. This difference could be attributed to the lack of samples or the different stages of H. pylori infection (Romi et al., 2011) .The H. pylori infection periods can be broadly classified into the transient infection and sustained colonization periods. γ δ T cells are mainly produced during these two periods; however, γ δ T cells play different roles during the two periods. Based on this theory, different H. pylori infection periods were believed to determine the timing and strength of the γ δ T cell response. The results of this study indicated a statistically significant decrease in the ratio of IL-17+ γ δ T cells in knockout mice 48 h after infection, compared to the wild-type mice. We also observed a statistically significant decrease in the expression of ROR γ T cells in knockout mice. We also observed an increase in the IL-23 expression in wild-type mice; on the other hand, IL-23 was not expressed in knockout mice, which indicated that IL-23 largely functioned in IL-17+ γ δ T cells. This also suggested that the γ δ T cell immune response to H. pylori infection was in conjunction with the secretion of IL-17 and IL-22. However, the mechanism of cytokine secretion and the effect of cytokines on T cell function remain to be elucidated. A greater volume of peripheral blood is required to conduct more in-depth analyses of γ δ T cell expression and function during bacterial infection.
In summary, we analyzed the γ δ T cell function during H. pylori infection, and deduced that T cells play a protective role during bacterial infections. These cells are mainly involved in cytokine-mediated immune response to the infecting pathogen. This study primarily analyzed the H. pylori infection; further research could focus on infection by other types of bacteria, in order to expand the available knowledge regarding γ δ T cell immune response.
